SUMMARY A quantitative assessment of the mannose resistant, adhesive property of Escherichia coli from patients with ulcerative colitis and from controls was made using a buccal epithelial cell adhesion assay, which also permitted assessment of adhesion to cells from other host sources. E coli from patients with ulcerative colitis adhered to buccal epithelial cells to a greater extent than those obtained from controls (p < 00001), but did not show an increased affinity for the buccal epithelial cell of their host, compared with those obtained from other sources. The mannose resistant adhesive property of E coli raises the possibility that it has a role in the pathogenesis of ulcerative colitis.
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The aetiology of ulcerative colitis is unknown, but research has often focused on bacteria. The clinical similarity between infectious colitides and ulcerative colitis at presentation, the limitation of the disease to the colon with its abundant microflora, and the difficulties in inducing experimental colitis in germ free animals' all suggest that bacteria may have a role in the pathogenesis of ulcerative colitis.
There have been conflicting reports about the ratio of Escherichia coli to total viable bacteria in the stools of colitic patients compared with those of controls,2-5 but E coli from patients with ulcerative colitis have a greater ability to degrade mucins,2 and to produce necrotoxins and haemolysins6 than those from controls. Humoral antibodies to certain E coli serotypes cross react with the colonic epithelium.7 E coli are now recognised as pathogens in a variety of intestinal disorders, both in animals and in man,8 and there is growing evidence that mucosal adhesion may have to occur before their pathogenicity can be fully expressed.9
Studies using HeLa cells have shown that up to 35% of patients harbour E coli with adhesive properties,10 compared with 5% of controls. The HeLa cell assay used was not quantitative, and did not differentiate between the mannose sensitive adhesion mediated by type 1 pili, and the mannose resistant adhesins that are expressed by pathogenic E coli. HeLa cell methods have several disadvantages in the investigation of intestinal adherence: they are unrelated to the gut, the cells are of neoplastic origin, Accepted for publication 9 February 1987 and enzymatic stripping methods have to be used in the manipulation of the cell line, which may result in the expression of non-physiological receptors for bacteria. Furthermore, the method does not permit the assessment of host factors that might influence bacterial adhesion. We therefore used a buccal epithelial cell adhesion assay similar to that previously described by Gibbons For the adhesion studies, isolates were coded and assayed without knowledge of their source. They were grown for 18 hours at 37°C on agar slopes (Oxoid blood base agar No 2).Bacteria were washed from the slope using phosphate buffered saline (PBS), pH 7-2, and the concentration adjusted to 1 x 108 bacteria/ml.
Buccal epithelial cells were obtained by gently scraping the buccal mucosa with a sterile spatula. They were suspended in PBS, washed four times and, to inhibit type I pilus mediated adhesion, resuspended in PBS containing D-mannose (28 mmol/1) at a concentration 1 x I05 cells/ml; 0-5 ml of each of the bacterial and the buccal epithelial cell suspensions were mixed for 30 minutes in a sterile bijou bottle at room temperature on a rotary roller.
Buccal epithelial cells were harvested by washing four times over a 5 pm millipore filter (Nuclepore) with PBS. An impression smear was made on to a clear glass slide, air dried, fixed in methanol for two minutes, and stained by Gram's method. For each buccal epithelial cell source, a control without added bacteria was included.
The degree of mannose resistant adhesion was assessed, as described by Ofek etal'2 by inspecting 100 non-overlapping buccal epithelial cells in at least 10 high power fields, and recording the number of cells with more than 50 adherent Gram negative rods. The control cell count was subtracted from this to derive an adhesion index (% buccal epithelial cell). Any buccal epithelial cell source, in which the control cell count was greater than 10%, implying oral contamination, was excluded from analysis. The Mann-Whitney U test was used to assess the significance of differences between independent groups, and Friedman's two way analysis of variance by ranks was used to assess differences between samples.
Results
In our laboratory using this method the mean (SEM) difference between duplicate buccal epithelial cell assays was 8 13% (0 93). The adhesion indices for colitic E coli isolates (median adhesion index = 43-5 (range 18-68)) were significantly greater (p < 0-0001) than those for control isolates (median = 2-0, range 0-15) (fig 1) . Strains E851/71 and SC13 had adhesion indices of 47 and 6, respectively.
The pattern of adhesion was predominantly diffuse. Only occasionally were clusters of bacteria noted, and always in association with the diffuse pattern. There was no significant difference in the number of clusters noted per 100 cells between the colitic and control bacteria. Using a single adhesive colitic strain there was no significant difference in the degree of adhesion to buccal epithelial cells between colitic patients and controls (fig 2) . Similarly, using a non-adhesive, noncolitic E coli there was no significant difference in adhesion to buccal epithelial cells obtained from patients or controls (fig 2) . E coli from five patients were tested with their own buccal epithelial cells as well as with those from other sources (fig 3) . Adhesion of the host's isolate to the host's buccal epithelial cells was no greater than that to buccal epithelial cells from other sources. Buccal epithelial cells from two colitic patients and three controls were also used in adhesion assays with five different E coli isolates (three patients and two controls); the assays were performed on the same occasion to eliminate any variation related to time or conditions. Each source of buccal epithelial cell ranked the E coli isolates similarly, based on their adhesion indices. The difference was highly significant (p < 0-01).
Discussion
The ability of E coli"4 and other bacteria to adhere to eukaryotic cells enables them to colonise cells by overcoming the protective mechanisms of the host, and to express fully their other pathogenic properties. to buccal epithelial cells and colitic patients and controls, and of "non-adhesive" E coli (closed circles 0). both enterotoxigenic'5 and enteropathogenic E coli. ' 6 In acute cholera vibrios are harboured in the mouth for up to three days, 17 and enterotoxigenic E coli have been cultured from the oropharynx of children with chronic diarrhoea. 8 Furthermore, an adhesive E coli has been shown to have a similar degree of adhesion for both buccal epithelial cells and fetal enterocytes.'9 These data suggest that buccal epithelial cells are suitable for the in vitro assessment of intestinal adhesion, as they may express receptors similar to those in the intestine.
This study shows that E coli isolated from patients with ulcerative colitis adhere in a mannose resistant way to human epithelial cells significantly better than isolates from controls, and the buccal epithelial cell assay clearly differentiates the isolates according to their adhesive properties. The fact that all E coli isolates from patients with colitis tested in our study were more adhesive than any control isolate, suggests that the incidence of 35% reported by Dickinson etal,'0 for patients in relapse who carry potentially pathogenic E coli, is an underestimate, and implies that the HeLa cell assay used-if measuring the same factor-is less sensitive than the buccal epithelial cell assay in differentiating colitic from control isolates.
Using a similar assay, Candy et all3 showed that E coli from children with protracted diarrhoea adhered more avidly to their own buccal epithelial cells than to those of healthy adults. Similarly, a recognised nonadhesive E coli adhered more strongly to the buccal epithelial cells of patients with protracted diarrhoea Ulcerative colitis and Escherichia coli with adhesive properties 785 the first attack of colitis than during a relapse. If damage to the intestinal mucosa was the prime reason for their presence it might be expected that patients with chronic disease would have an increased incidence of adhesive strains.
There are anecdotal reports of ulcerative colitis occurring after infection with recognised intestinal pathogens.26 -28 Hurst used the term "post dysenteric colitis", even though an organism could not be isolated.29 Plasmids coding for adhesins have been transferred between E coli,30 32 and virulence factors for Shigellae have been transferred to E coli.33 This raises the possibility that adhesive E coli in patients with colitis may have acquired the property from -another source, and could explain the chronicity of ulcerative colitis in the absence of a persistent recognised pathogen.
In vitro studies using a genetically cloned E coli 536, which has a mannose resistant adhesin and the ability to produce haemolysin, have shown that the presence of the adhesin increases the release of inflammatory mediators.34 Pigs and calves can be protected from diarrhoea caused by enterotoxigenic E coli by passively induced immunity, monoclonal antibodies, and antisera directed against the bacterial adhesin. Hydrophobic gels that can bind to the colonisation factor antigen adhesin prevent enterotoxigenic E coli diarrhoea in infant rabbits. 3538 The finding of a mannose resistant adhesin in isolates of E coli from patients with colitis, raises the possibility of their having a role in the pathogenesis of ulcerative colitis, and offers hope for new treatment strategies. Further studies are required to identify the nature and the exact role of adhesive E coli in ulcerative colitis.
